with the aid of (3), and from (12) It is observed that the differential cepstrum is invariant with time delay of the signal except at m = -1, n = 0 and m = 0, n = -1. The additional quantities at m = -1, n = 0 and m = 0, n = -1 are the time delay measures in m and n directions, respectively. This property can be advantageously used to measure the time delay.
the definition of the differential cepstrum, we have z d ( z 1 , 22) = az(z1, z2)/azl+ az(Z1, zz)/az2. (16) Taking the inverse 2-D z-transform using identities similar to (9), one obtains fd(m, n) = (m + l)f(m + 1, n) + (n + l)f(m, n + 1). (17) This relation can be effectively used to evaluate the cepstrum from the differential cepstrum or vice versa.
V. CONCLUSION
The 2-D differential cepstrum is discussed as a new basis for homomorphic deconvolution. It is well defined and does not require any phase unwrapping algorithm as in the case of the cepstrum. It has some useful properties such as scale and shift invariance.
The computation of a stable 2-D differential cepstrum by a recursive method is possible for minimum phase signals. One can easily evaluate f d ( m , n) using the DFT (any FFT algorithm) provided that the DFT of x(m, n) possesses nonzero finite values.
Other applications of the differential cepstrum can be investigated further. 
I. INTRODUCTION
Design of two-dimensional (2D) recursive filters has been a rather difficult one due to the stability requirement. For filters describable by 2D transfer functions H(zl, 2 2 ) = N(zl, z2)/D(zl, z2), the stability constraint requires that the denominator polynomial D(zl, z2) be void of zeros for certain values of variables zl, 22. Also, it is not possible to write down a two-variable polynomial as the product of simple first-or second-order factors. Hence, it is very difficult if not impossible to test for stability of a 2D recursive filter and incorporate it in a design algorithm
To overcome stability problems, different approaches have been considered by various authors. These include restricting the type of 2D transfer functions, applying various transformations and so on. In the above mentioned paper, the author proposed application of a constrained transformation on the coefficients of a known stable 1D filter transfer function. The constraints are obtained by considering the stability in thesl, s2 domain wheresi = (zi -l)/(zi + l), i = 1,
2.
Since an attempt to obtain closed form solution was made, the results obtained are restricted to a very small class of 2D filters with transfer functions H(zl, z2) where where "*" denotes complex conjugate. Thus a 2nd-order polynomial in s leads to a 2nd-order polynomial in sl, s2. The author claims that the conditions derived in the paper lead to all possible stable filters of the type discussed there. In the next section, we give an example of a fiiter belonging to that group, but which cannot be obtained using the method presented there.
11. COUNTEREXAMPLE For a 1 V, 2nd-order polynomial
the 2V, 2nd-order polynomial obtained is given below: That is, D l ( s l , s2) can be the denominator polynomial of a stable 2D transfer function G(sl, s2) satisfying the condition G(sl, s2) = G(s2, si) and G(sl, 0) = Gl(sl) and still cannot be obtained by the method given there.
III. CONCLUSION
It has been shown that the method by Reinhard Bernstein does dot lead to all stable filters, even in a very restricted class of filters as claimed in that paper. More importantly, we would like to point out here that a solution for the design of all stable 2D recursive filters (both quarter-plane and nonsymmetric half-plane) has already been obtained by the author and has been available for quite some time now [2] [3] [4] . Hence any attempt to obtain results on restricted class does not add any to existing results.
